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Estimating chlorophyll content of proso millet canopy by hyperspectral reflectance
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GONG Xiang-wei, LI Jing, FENG Bai-li
( State Key Laboratory of Crop Siress Biology for Arid Areas/ College of Agronomy , Northwest A&F University , Yangling 712100, Shaanxi )

Abstract: The objective of this study was to establish the reliable estimation model of chlorophyll content based on
proso millet canopy hyperspectral reflectance, by two-year field trials of different varieties. The results showed that the
chlorophyll content of proso millet presented a parabola pattern during the whole growth period, with the maximum value
being at the heading stage to the flowering period. This trend is consistent across different growth stages of eight varieties.
The proso millet canopy spectral reflectance of elongation stage, flowering period and early filling stage and chlorophyll
content were positively correlated, it show negative correlation in maturation stage at the visible light band. A marked
correlation relationship was revealed between the proso millet canopy chlorophyll content and vegetation index with combi-
nation of near infrared wavelengths (760 ~ 900 nm) , the red light wavelengths (630 ~ 690 nm) and 550 nm green band,
which is the most ideal forecast canopy chlorophyll content area. Monitoring models based on RVI, PSNDb and GND-
VI750 produced better estimation for chlorophyll content, and the determination coefficients (R?) were 0.791, 0.779
and 0.748. Meanwhile, comparing the predicted value with measured value to verify reliability and applicability of moni-
toring model, result showed that the relative errors ( RE) between measured value and predicted value were 9.58% ,
8.93%, 11.80% , and the root mean square errors were 0.045, 0.140, 0.196, respectively. Therefore, it was sug-
gested the vegetation indices of RVI, PSNDb and GNDVI750 were the most suitable model for estimating proso millet
chlorophyll content.
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Table 1  Hyperspectral vegetation indices
o HHTAR R
e Algorithm formula References
NDVI (Ryig = Rien)/ (Ryig + Ryep) [17]
DVI Ri - R (18]
RVI R/ Ry [19]
OSAVI (1) 12; (Raoo = Rero)/( Rsoo + Rezo + [20]
PPR (Rsso = Raso)/(Rsso + Raso) [21]
X - -0.2x -

L
GNDVIB00  (Rsoo — Rss0)/( Rnim + Rereen) (23]
GNDVI750  (Rys0 = Rsso)/( Rnim + Rereen) (23]

GNDVI (Ryir = Rereen)/( Ry + Roren) (23]

PSSRa R/ Rego [24]

PSSRb Rgyo/ Ress [24]

PSNDa (Rgoo = Reso)/( Rson + Reo) [24]

PSNDb (Rg — Reas)/(Rgoo + Rezs) [24]

RCh (Reo — Re3)/ Rz [25]
0.5x [120 x (Rys0 = R - 200 x
i (Ren —[ Rsso)]( ) [26]

Clgreen (Rai/ Roreex) - 1 [27]

Clred edge  (Rip/ Ried kige) — 1 [27]
NPCI (Rego = Ruzo)/(Reso + Razo) [28]
SIPI (Rgoo = Rass )/ (Rgoo — Reso) [29]
PSRI (Reso = Rson)/ Raso [30]

TE: R EIR OGS S 5T 28, Ry FORTEW K x nm 40 1Y 535 S 5¢
H5 Ry 9 760 ~ 900 nm {5z BEE B A DTS SR 3P 3 {H 5 Rewp H 630 ~
690 nm P BEIE FI GG AT BIME 3 Roppan ™ 540 ~ 560 nm B
BB P 30 S 26 ML 5 R e 9 720 ~ 740 nm 3 B 315 P 14 933 I
VIR Sl

Note: R, spectral reflectance; R, , reflectance of x nm. Ry, average
spectral reflectance of 760 ~ 900 nm; Rpgp, average spectral reflectance of
630 ~ 690 nm; Rcrepy, average spectral reflectance of 540 ~ 560 nm;

Rrped Bage» average spectral reflectance of 720 ~ 740 nm.
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Fig.1 Changes of chlorphyll content in the leaf in different growth stages of proso millet
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Note: ES, HS, FP, EFS, MFS, and MS represent elongation stage, heading stage, flowering period, early filling stage, middle filling stage and maturation

stage, respectively; the same below.
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Fig.4  Correlation between canopy reflectance spectrum and canopy chlorophyll content of proso millet
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Table 2 Correlation coefficient between vegetation indices and chlorophyll content

NDVI DVI RVI OSAVI PPR TCARI GNDVIgg GNDVI;5 GNDVI PSSRa
M3 i
Chlorophyll 0.8623" -0.0159 0.8200" " 0.5607* " -0.0038 -0.7002" " 0.8365°" 0.8505"* 0.8330" " 0.8159
content
PSSRb PSNDa PSNDb RCh TVI Clgreen Clred edge NPCI SIPI PSRI
M3 A i
Chlorophyll 0.8218" " 0.8399"* 0.8779" " -0.0719 -0.0533 (0.7488" " 0.7242* " —-0.7280" " -0.7125"* -0.6491" *
content
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Table 3  Fitting and performance of chlorophyll content model of proso millet

ISR Performance model

HBS 8 AR Fitting model

Vegetation &I ) F{& AHXT R 22/ % .
indices Equation R Fualie  Relative error RMSE
NDVI y =42.453 - 95.225x + 102.293x° 0.763 72.410 20.76 0.586
RVI y =38.363 + 72.598x — 1492. 951 % + 3673.002° 0.791 55.462 9.58 0.045
OSAVI y= —60.723 + 179.491x - 90.021x° 0.379 13.726 47.81 0.741
TCARI y =38.782 + 71.287x — 1347. 3657 + 3364.072x° 0.497 14.500 39.42 0.679

GNDVIS00 y= —65.045 + 185.807x — 87.023x° 0.736 62.735 12.69 0.216

GNDVI750 y= —48.388+157.105x — 73.151° 0.748 66.951 11.80 0.196
GNDVI y = —74.996 +204.599x — 97. 164> 0.734 62.173 13.78 0.228
PSSRa y =13.702 +2.056x — 0.014x* - 0. 001 «° 0.757 45.767 31.85 0.477
PSSRb y=6.738+5.071x — 0.25x% + 0. 004° 0.795 56.760 19.25 0.302
PSNDa y = 67.464 — 162.254x + 144. 55127 0.748 66.619 13.89 0.214
PSNDb y=7.717¢" 35 0.779 161.950 8.93 0.140
Clgreen y= —16.411+21.956x - 2.957x% + 0. 133%° 0.750 43.939 20.47 0.303

Clred edge y= —17.746 + 187.667x — 222.902x> + 91.434x> 0.604 22.390 33.28 0.510
NPCI y =37.181 +19.007x — 332. 665> + 491. 601 ° 0.588 20.974 45.18 0.766
SIPI y =61.020 - 32.07x +9.038x% - 0.713x° 0.658 43.297 40.95 0.709
PSRI y =35.377 - 174. 618x — 3407. 7347 + 33489. 84+° 0.520 15.918 56.87 0.889
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